. Information gained from the ultrasound eystodynamogram (USeD) The USCD will differentiate normal from abnormal voiders in the majority of cases. It is not able, however, to distinguish between a normal voider and one who voids with high pressures against an outflow obstruction with a normal resultant flow rate. Residual urine is abnormal and its presence should prompt investigation into the underlying cause of voiding dysfunction. Similarly, the USCD cannot differentiate a low pressure voider With a low flow rate from a high or normal pressure voider with outflow obstruction. Hypertrophy of the bladder wall (more than 5 mm) and diverticula suggest a high pressure voider.
In those patients in whom the USCD is equivocal or unhelpful, urodynamic assessment with or without video fluoroscopy, the so-called videocystometrogram (VCMG) is essential in detailing urinary outflow obstruction and may also reveal additional information about bladder morphology and the presence of vesico-ureteric reflux etc. They are invasive tests, but provide additional information to the USCD, crucially the filling and voiding pressures.
The symptoms of urethral discharge and 'dysuria' are commonly found to coexist with a variety of both obstructive and irritative urinary symptoms in patients attending genito-urinary clinics. Investigation in many patients may fail to reveal evidence of a sexually transmitted disease (SID) and even in cases where a SID has been defined and treated, troublesome symptoms may fail to improve. Similarly after apparent successful symptomatic treatment, microscopic haematuria and/or sterile pyuria may persist. Such patients, usually, but by no means exclusively young males, represent a management problem. A urological referral, excretory urography and eytourethroscopy may follow, but often no abnormality is detected. Nonspecific diagnoses such as 'prostatitis' in males and 'urethral syndrome' in females ensue. Inappropriate and unsuccessful treatment with courses of antibiotics, anxiolytics and antispasmodics result iñ nhappy patients and frustrated clinicians.~ere 1S thus a real need to investigate and research mto !he underlying pathophysiological. froc~sses mvolved in producing these non-specific unnary symptoms and advances are being made.
FUNCTIONAL AND ANATOMICAL ASSESSMENT
The majority of patients presenting with lower urinary tract symptoms need functional as well as anatomical assessment. Many investigations in our unit combine these 2 requirements. Excretorỹ ography has previously formed the foundation of mvestigation of any patient with urinary sympt~ms, but ultrasound (US) of the urinary tract combined with functional assessment of bladder emptying have largely replaced it. The ultrasound eystodynamogram (USCD) involves a suprapubic US of the full bladder (at least 200 ml), a flow rate in private and an US of the post-micturition bladder 1 . Such a simple study provides much information ( Table 1 ). These techniques are poor in identifying intraprostatic or paraurethral pathology, areas which are involved in the pathophysiology of lower urinary tract dysfunction. Urethrography combined with high resolution small part ultrasound and the increasing availability of transrectal ultrasound (TRUS) have opened up new avenues of paraurethral imaging allowing both the uroradiologist and genito-urinary clinician a new perspective of lower urinary tract pathophysiology. Endorectal and surface coil magnetic resonance promise further advances.
URETHRAL IMAGING
Dynamic retrograde urethrography combined with retrograde filling of the bladder and a descending urethrogram give precise information about urethral calibre, sphincter competence, bladder capacity, vesico-ureteric reflux and whether the bladder empties completely in male patients-, Less information is gained in female patients. Urethral strictures, specifically infective ones, tend to be a' focal manifestation of pan-urethral disease. Minor degrees of urethral wall irregularity and lack of urethral distensibility will suggest this. Intraprostatic reflux into the ejaculatory ducts and seminal vesicles may be identified. Such findings are not uncommon in those patients who have undergone surgery to the posterior urethra and bladder neck, but in those who have not undergone surgery, they suggest high pressures within the posterior urethra giving rise to the reflux. Descending studies may demonstrate trapping of contrast between the distal sphincter and bladder neck on interruption of micturition, characteristic of bladder neck obstruction (the Whiteside trapping sign'') or a blown bladder neck and distended posterior urethra seen in detrusor sphincter dyssynergia'. Both conditions predispose to intrasprostatic reflux. High frequency contact ultrasound using 7 MHz linear array probes allows imaging of the urethral walls and will permit definition of the amount of fibrous tissue that is associated with a stricture and will also show whether apparently normal urethra has normal walls. Such imaging can point towards appropriate treatment, i.e. urethroplasty versus urethrotomy''. Peri-urethral pathology, e.g. diverticulum or abscess is better demonstrated with US as such lesions may not fill at urethrography. Colour Doppler imaging (COl) of the urethral walls gives an indication as to their vascularity, but is as yet of little clinical use. In practice, both procedures should be performed synchronously to provide maximum information".
TRANSRECTAL ULTRASOUND (TRUS) AND THE PROSTATE
Transrectal ultrasound (TRUS) is able to image the zonal anatomy of the prostate gland, differentiating the peripheral zone from the central and transitional zones of the gland in transverse axial, sagittal and forward-looking sagittal planes. Most published work has been on the subject of prostate cancer, screening and diagnosis. With the development of high frequency (7.5 MHz), sharply focused probes capable of COl, it is clear that TRUS has much to offer in those patients with lower urinary tract symptoms.
BLADDER NECK DYSFUNCTION
Benign prostatic hyperplasia (BPH) is usually evident on clinical and urodynamic grounds, but the features of bladder neck dysfunction and the sequelae of intraprostatic reflux are less well defined. Young male patients presenting with lifelong histories of voiding difficulties are often dismissed as 'psychological voiders' on the basis of normal urinary tract imaging and cytourethroscopy. Bladder neck dyssynergia (BND) is now a well recognized cause of voiding dysfunction and although it may accurately be diagnosed on VCMG findings alone, specific TRUS abnormalities in the pre-prostatic region of the bladder outlet have reinforced concepts regarding the pathophysiology of the condition. An echopoor, rhomboidal mass is seen both anterior and posterior to the posterior urethral complex and the findings of small periurethral ductal calculi provides further confirmation of intraprostatic reflux? (Figure 1 ). 
PAlTERNS OF INTRAPROSTATIC CALCIFICATION
TRUS has also allowed for specific patterns of intraprostatic calcification to be. recognized. Calcification of the prostate gland IS frequently identified on plain radiographs althoug~pat~erns of calcification have not been correlated WIth unnary symptoms or known diagnoses. TRUS will reve.al intraprostatic calcification not .s~en. on plain radiographs and 4 patterns of c~lc~IcatlOn seem to correlate with specific clinical criteria, P~nctat~and unilateral calcification seems to occur m patients who develop intraprostatic reflux. It might be expected that a proportion of these de,:,elop a 'chemical' inflammation of the prostate and in tho~e who have co-existent infected urine, acute or chronic bacterial prostatitis. Certainly many patients. with BND have associated perineal symptoms consistent with 'prostatitis's. Unilateral~ingle foci of calcification often represented ejaculatory duct calculi which might be expected to cause s~mpto.ms either due to obstruction or secondary infection due to stagnation. Block-like, us~ally u~ilateral calcification appears to occur in patients WIt? BPH and curvilinear calcification, commonly crossmg the midline appears to represent calcification of corpo~a amylacea although the clinical significan~e of this pattern of calcification is not clear". EVIdence of intraprostatic reflux can also be seen on .TRUS. Linear echofree lesions throughout the penpheral zones is the most common finding (Figure 2 ), but occasionally, sub-capsular fluid may be seen.
PROSTATIC INFLAMMATORY DISEASE
There are many findings on TRUS in those patients with prostatic inflammatory disease (Table~) (Figure 3 )10. Where a diagnosis of prostatic inflammatory disease is suspected an?~he T~US and CD! is entirely normal, the diagnosis I~unlikely to be correct. To confirm inflammatory dIsease,. at least 2 of the above changes are needed, of WhICh CD! is the most useful. TRUS and cm can be used to monitor the progress of the disease and can also Table 2 
. Prostatitis-findings on transrectal ultrasound (TRUS)
Well defined echogenic foci in the peripheral zone (Figure 3 ) Oedema of the prostate capsule Prominence of the periprostatic venous plexus Prostate abscess Generalized increased blood flow throughout the peripheral zone of the prostate Localized increased blood flow associated with an abnormal area of echogenicity Increased blood fow in the periurethral central part of the prostate Evidence of intraprostatic reflux be used to ascertain whether there is any cause for the disease (e.g. bladder neck obstruction).
ASPIRATION UNDER TRUS GUIDANCE
TRUS of course is not only limited to prostatic imaging but may occasionally be used as a treatment modality. TRUS can identify intraprostatic cysts which may be the underlying cause of urinary symptoms may easily be identified and drained under TRUS guidance via the perinatal route!'. Similarly the hitherto unusual formati~nof an acu~e prostatic abscess has bec<,>me J?ore~Idely seen. in immunocompromised patients mcludmg those WIth AIDSI2. Whilst conventionally this may be treated by endoscopic drai~age~ia a resect?scope TRUS will accurately identify an mtraprostatic abscess and guided needle aspiration of the collection is possible.
TRUS IMAGING OF STRUCTURES RELATED TO THE PROSTATEIURETHRA
TRUS is not confined to imaging of the prostate alone. Detailed imaging of seminal vesicles, ejaculatory ducts and congenital variatio~s are~ll possible. Obstruction to the flow of seminal fluid from the seminal vesicles can easily be demonstrated on TRUS and occasionally rare congenital drainage abnormalities including cystic lesions resulting from paraurethral div~rticula can be visualiz~d 13. Previously such lesions may well have been missed on excretory urography and/or sonography combined with cystourethroscopy. Mullerian duct remnants appear as midline cystic structures within the peripheral zone of the gland (Figure 4 ). They can be very large and can obstruct the urethra as well as the ejaculatory ducts. The anatomy of such lesions can be further detailed by TRUS guided ductography.
Whilst TRUS has almost exclusively been used in the investigation of male voiding dysfunction it also provides an excellent method for imaging the female urethra and bladder outlet. The paraurethral tissues are all clearly visualized and although at present only used as a research tool quantitative measurement of the volume of the female urethral sphincter has been shown to correlate with known disorders of female voiding", As with the male, unusual anatomical variants including paraurethral diverticula which will not be seen with conventional imaging techniques may clearly be seen utilizing TRUS.
FUTURE DEVELOPMENTS
In the immediate future, COl and rectal coil magnetic resonance imaging will provide even greater detail of the lower urinary tract morphology'>, With any new imaging development there is a danger that the available technology will outpace current clinical understanding of the various pathophysiological processes and this is currently true of the lower urinary tract. Nevertheless the new imaging techniques discussed have focused on poorly understood genitourinary conditions and will hopefully spark new interest and research into treatments for these common and troublesome urinary symptoms. TRUS has opened up a new avenue of paraurethral imaging allowing both the uroradiologist and genito-urinary clinician a new perspective of lower urinary tract pathophysiology.
